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Expression of alkaline phosphatase in yeast 


The invention concerns a process for the recombinant 
production and expression of eukaryotic alkaline 
phosphatase. The invention additionally concerns a 
codon-optimized DNA which codes for a eukaryotic highly 
active alkaline phosphatase having a specific activity 
of more than 3000 U/mg. Furthermore the invention 
concerns a process for inserting the DNA into a vector 
for expression in yeast cells. 

Alkaline phosphatases (AP) are dimeric, zinc-containing, 
non-specific phosphomonoesterases which occur in 
prokaryotic as well as in eukaryotic organisms e.g. in 
E. coli and mammals (McComb et al., 1979 Alkaline 
Phosphatases Plenum Press, New York) . Comparison of the 
primary structures of various alkaline phosphatases 
showed a high degree of homology (2 5-3 0 % homology 
between E. coli and mammalian AP; Millan, 1988 
Anticancer Res. 8, 995-1004; Harris, 1989 Clin. Chim. 
Acta 186, 133-150). 

In humans and higher . animals the AP family comprises 
four members that are located in different gene loci 
(Millan, 1988 Anticancer Res. 8, 995-1004; Harris 1989 
Clin. Chim. Acta 186, 133-150). The alkaline phosphatase 
family includes the tissue-specific APs (placental AP 
(PLAP) , germ cell AP (GCAP) and intestinal AP (IAP) ) and 
the non-tissue specific APs (TnAP) which are primarily 
located in the liver, kidney and bones. 
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A decisive property of the previously known APs is the 
large variability of the catalytic activity of mammalian 
APs which have a 10-100-fold higher k cat s value than 
E. coli AP. Among the mammalian APs, the APs from the 
bovine intestine (blAP) exhibit the highest specific 
activities. This property makes the blAPs attractive for 
biochemical applications such as the use of 
corresponding enzyme conjugates as a diagnostic reagent, 
or to dephosporylate DNA. The existence of various 
alkaline phosphatases from the bovine intestine having 
specific activities of varying magnitudes is described 
in EP 0 955 369 and Manes et al. (1998), J .Biol .Chem. 
273 No. 36, 23353-23360. Up to now recombinant 
expression of eukaryotic alkaline phosphatases of low 
activity (up to 3 000 U/mg) has been described in various 
eukaryotic cell lines such as CHO cells (blAP I/WO 
93/18139; Weissig et al. 1993, Biochem. J. 260, 503- 
508), COS cells (human placental AP/Berger et al., 1987, 
Biochemistry 84, 4885-4889) or baculovirus expression 
systems (human placental AP/Davis et al. 1992, 
Biotechnology 10, 1149-1150). The expression of more 
active APs (specific activity > 3000 U/mg) from the 
bovine intestine in CHO cells has also been described 
(blAP II, III and IV/Manes et al. 1998, J. Biol. Ch&m. 
273 No. 36, 23353-23360). However, a disadvantage of 
expressing alkaline phosphatases in these expression 
systems is the low expression output which makes the 
recombinant production especially of a highly active AP 
uneconomic . 

Although it is in principle possible to express 
eukaryotic alkaline phosphatases in prokaryotic 
expression hosts such as E. coli (human placental 
AP/Beck and Burtscher, 1994 Protein Expression and 
Purification 5, 192-197), the alkaline phosphatases 
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expressed in prokaryotes are not glycosylated which is 
essential especially for preparing enzyme conjugates. 

Consequently the object of the present invention is to 
develop a robust and stable expression process for the 
production of glycosylated eukaryotic alkaline 
phosphatase having a high specific activity, which, due 
to the high expression output, allows an economic 
production of such an alkaline phosphatase and, 
moreover, yields an enzyme whose properties are 
comparable to native alkaline phosphatase of high 
activity or low activity (commercially available for 
example from Roche Diagnostics GmbH, Biozyme, Oriental 
Yeast) with regard to for example specific activity and 
thermostability. 

The object is achieved according to the invention by a 
process for the production of a eukaryotic alkaline 
phosphatase having a high specific activity in yeast and 
especially in a methylotrophic yeast comprising the 
steps : 

a) cloning a gene sequence into different vectors 

b) transformation of the yeast, 

c) expression and 

d) purification of the alkaline phosphatase, 
characterized in that 

(i) a first vector has a resistance gene for at 
first selection marker 
(ii) transf ormants which have integrated the 

resistance gene and the gene sequence into the 
genome are selected by growth on nutrient medium 
containing a low concentration of a first 
selection marker, 
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(iii) gene copy number is increased by multiple 

transformation in which multiple transf ormants 
are selected by growth on a nutrient medium at 
an increased selection pressure, 
(iv) a second vector is added which has a resistance 

gene for a second selection marker in addition to 
the gene sequence , 
(v) the gene copy number is increased by multiple 
transformation with the second vector in which 
multiple transf ormants are selected by growth on 
nutrient medium at an increased selection 
pressure and 

(vi) the clones are selected which have integrated 
several copies of the gene sequence and the 
selection marker resistance genes into the genome 
in a stable manner. 

A preferred gene sequence is a DNA sequence which codes 
for a eukaryotic alkaline phosphatase that has a 
specific activity of more than 3000 U/mg and in special 
cases of more than 7000 U/mg to about 10,000 U/mg. For 
example a DNA sequence according to SEQ ID NO:l has 
proven to be suitable according to the invention. A 
codon-optimized DNA sequence which corresponds to the 
gene sequence SEQ ID NO:l at the amino acid level is 
particularly preferred. Codon-optimization means that 
each codon for example of SEQ ID NO:l has been optimized 
by silent mutations i.e. changes at the DNA level which, 
however, have no effect at the amino acid level in order 
to increase the translation according to the 
requirements of the selected expression host which 
results for example in the gene sequence according to 
SEQ ID NO: 5. It is, however, also possible to 
incorporate other sequences than SEQ ID NO:l into the 
vector which code for alkaline phosphatases and are 
optionally codon-optimized such as blAPI, III, IV (DE 


198 19 962 and EP 0 955 369). It is particularly 
preferable for the process according to the invention to 
use a codon-optimized gene sequence according to SEQ ID 
NO: 5. The corresponding gene sequence is then cloned 
into one or several vector (s) which is or are selected 
depending on the host to be transformed. 

Methylotrophic yeasts e.g. Pichia pastor is yeast, 
Hansenula polymorpha and also other yeasts such as 
Saccharomyces cerevisiae, Yarrowia lipolytica or 
Schizosaccharomyces pombe are particularly suitable as 
the yeast host. Suitable vectors are known to a person 
skilled in the art such as pPICZaA, pIIC9K, Yes vectors, 
pTEFl/Zeo, pYDI (e.g. Invitrogen) . The expression vector 
that is formed in this manner is preferably transformed 
into various strains of Pichia pastoris and integrated 
into the genome in a stable manner. Stable integration 
into the yeast genome has the advantage that selection 
pressure is not required during the subsequent 
production of the, for example, eukaryotic, highly 
active alkaline phosphatase in large volume ferments. 
Stable integration into the genome means that the 
expression vector is incorporated into the genome of for 
example Pichia pastoris by means of homologous 
recombination and is thus transmitted by heredity as a 
permanent component from generation to generation 
(Cregg, J.M. et al., Mol. Cell. Biol. 5 (1985), 3376- 
3385) . 

The gene copy number was increased in the methylotrophic 
yeast by multiple transformation while at the same time 
increasing the selection pressure with a suitable 
selection marker e.g. an antibiotic such as Zeocin® or 
Geneticin (G418) or an auxotrophy marker after which 
only those clones can survive which have integrated 
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several copies of the expression vector into the genome 
in a stable manner. In order to be resistant to higher 
concentrations of the antibiotic used as the selection 
marker, it is necessary that the clones produce an 
increasing amount of resistance protein. This can for 
example be achieved by multiple integration of the 
expression vector which contains the resistance gene for 
the antibiotic used as the selection marker in addition 
to the expression cassette for the highly active 
alkaline phosphatase for example. 

The object of producing eukaryotic alkaline phosphatase 
economically in a robust and stable expression process 
with a high expression output could not be achieved 
until measures (i) to (vi) were combined. Thus for 
example transformation of a Pichia pastoris strain X-3 3 
with an expression vector which contains the blAPII gene 
according to SEQ ID N0:1 did not lead to the desired 
result without these measures (see examples 1 and 2) . 
Although the process enabled a considerable increase in 
the expression output compared to expression of blAPII 
in CHO cells (Manes et al., 1998, J. Biol. Chem. 273 
No. 36, 23353-23360) the process does not allow a 
recombinant alkaline phosphatase to be produced 
economically. 

One of the necessary measures for the process according 
to the invention is the synthesis of a codon-optimized 
gene sequence. A complete de novo synthesis of the ca. 
1,5 kBp long gene which codes for the eukaryotic highly 
active alkaline phosphatase was necessary in order to 
optimize each codon for expression in yeast. It was 
possible to optimize each codon, as required, by 
retranslation of the amino acid sequence of the 
eukaryotic highly active alkaline phosphatase accordLing 


to SEQ ID NO: 4 (bIAP-II) and by utilizing the degenerate 
code. For this purpose the gene was divided into 28 
oligonucleotides having a length of 54 to 82 
nucleotides. The oligonucleotides were designed as an 
alternating sequence of sense strand and antistrand 
fragments the 5 1 and 3 1 ends of which each overlapped in 
a complementary manner with the neighbouring 
oligonucleotides. The overlapping region was in each 
case selected in such a manner that unspecific binding 
was largely prevented during the annealing reaction in 
the subsequent PCR reaction. The oligonucleotides at the 
5 1 and 3 1 ends of the gene were provided with 
recognition sites for restriction endonucleases upstream 
and downstream of the coding region which could be used 
for a later insertion of the synthetic gene according to 
SEQ ID NO: 5 into expression vectors. Hence a recognition 
site for the restriction endonuclease EcoRI was 
incorporated upstream and a recognition site for the 
restriction endonuclease Asp718 was incorporated 
downstream. The sequences of the oligonucleotides are 
shown in SEQ ID NO: 6 to 33. 

The gene synthesis was carried out by means of a PCR 
reaction. For this purpose the coding region was firstly 
divided into three segments (oligonucleotides 6 to 15, 
16 to 23, 24 to 33) and these segments were generated in 
separate PCR reactions. During the gene synthesis by 
means of PCR reaction using overlapping complementary 
oligonucleotides the gene fragment is elongated stepwise 
to form the full length product which is then amplified 
in subsequent cycles. The annealing temperature in this 
process depends on the overlapping region having the 
lowest melting temperature. 

The three segments were subsequently analysed by agarose 


gel electrophoresis, the products having the expected 
length were isolated from the gel by means of the 
QIAquick gel extraction kit (Qiagen) and synthesized in 
a further PGR reaction to form the complete gene 
product. In this process the PCR reaction was carried 
out in the first 5 cycles without adding the primers at 
the 5 1 end and at the 3 1 end of the total gene so that 
only a few fragments of the gene product having the 
expected length were initially formed from the three 
segments. The annealing temperature depends on the 
overlapping region having the lowest melting 
temperature. Subsequently the terminal primers were 
added and the annealing temperature was increased to 
correspond with the annealing temperature of the primer 
having the lowest melting temperature. The gene fragment 
having the expected length was amplified to a high 
degree in a further 2 5 cycles. 

The PCR mixture was analysed by agarose gel 
electrophoresis and the gene fragment having the 
expected size was isolated (QIAquick gel extraction 
kit/Qiagen) . 

The cloning of such a PCR fragment, transformation in 
Pichia pastoris and the expression is described in 
example 3 . 

The codon-optimized gene for the highly active alkaline 
phosphatase enabled the expression output to be 
increased three-fold compared to the first experiments 
with the wild-type gene. 

However, these clones did not provide an economic 
process for producing the highly active alkaline 


- 9 - 

phosphatase . 

One measure which can increase the expression output of 
heterologous and homologous proteins in Pichia pastoris 
is to increase the gene copy number in the cell by 
multiple transformation. This measure can increase the 
transcription product i.e. the mRNA of the target gene. 
The gene copy number is increased by multiple 
transformation of a clone containing the expression 
vector while simultaneously increasing the selection 
pressure during the subsequent growth of the 
transf ormants on nutrient plates containing increased 
concentrations of the antibiotic used as the selection 
marker. In this process an expression clone which has 
already taken up at least one copy of the expression 
vector from the first transformation cycle is again made 
competent (see example 1) and is again transformed with 
the expression vector. Transf ormants are selected which 
have integrated several copies of the expression vector 
into the genome by plating out on nutrient plates with a 
higher selection pressure i.e. plates containing a higher 
concentration of the antibiotic (e.g. Zeocin®) used as 
the selection marker than during the first transformation 
cycle. For this the highest concentration of the 
antibiotic used as the selection marker at which the 
clone from the first transformation cycle can still grow 
is determined and the concentration of the antibiotic 
used as the selection marker is increased accordingly 
above the determined threshold value in the YPDS agar 
plates after the additional transformation. Increasing 
the copy number of the expression vector also increases 
the copy number of the resistance gene which is a 
component of the expression vector and hence also 
increases resistance to higher concentrations of the 
antibiotic used as the selection marker. It is also 
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possible to select clones containing different copy 
numbers of the expression vector in the genome by varying 
the concentration of the antibiotic used as the selection 
marker in the nutrient plates (ca. 100 to 2 000 jug/ml/ see 
example 4) . 

A further measure which can be used to increase the 
expression output of heterologous and homologous 
proteins in yeast such as Pichia pastoris is to increase 
the gene copy number by multiple selection. In order to 
achieve this an expression clone that has been already 
I optimized by multiple transformation with an expression 

vector which contains the expression cassette containing 
the target gene (e.g. the gene which codes for the 
highly active alkaline phosphatase according to SEQ ID 
NO: 5) and a resistance gene for the first antibiotic 
used as the selection marker (e.g. Zeocin®) is 
transformed with a second expression vector which 
contains the target gene (e.g. the gene which codes for 
the highly active alkaline phosphatase according to SEQ 
ID NO: 5) and a resistance gene for the second antibiotic 
(e.g. Geneticin (G418)) used as the selection marker. 
When the transf ormants are subsequently plated out on 
nutrient plates which contain the second antibiotic as 
the selection marker, only those clones are selected 
which have also taken up at least one copy of the 
expression vector containing the resistance gene for the 
second antibiotic used as the selection marker in 
addition to copies of the expression vector containing 
the resistance gene for the first antibiotic used as the 
selection marker. These expression clones can now be in 
turn subjected to a further multiple transformation with 
the expression vector containing the resistance gene for 
the second antibiotic used as the selection marker (see 
example 5) . 
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By combining the measures of multiple transformation and 
double selection it was possible to increase the 
expression output four-fold compared to the expression 
output of clones from the first transformation cycle 
containing the codon-optimized gene. 

The recombinant alkaline phosphatase can be extracted 
from the biomass by extraction methods that are in 
principle known to a person skilled in the art e.g. 
Protein Purification, Springer Verlag, editor Robert 
Scopes (1982) . A pure band product having a specific 
m activity of more than 7000 U/mg is obtained by 

;~ chromatographic separation methods and especially those 

H using hydrophobic column materials and a cation 

jj** exchanger . 

S jjj: 

j 3 The purified product was subjected to N-terminal 

H sequencing in order to characterize the recombinant 

Yf* highly active alkaline phosphatase. 

* JSC 

The dominant sequence EAEAEFLIPA (SEQ ID NO: 36) was 
determined. The sequence unequivocally correlates with 
the N-terminal sequence of the AP"LIPA" (SEQ ID NO: 37) 
and with the linker peptide of the construct EAEAEF (SEQ 
ID NO: 38) which is formed by the strategy of cloning the 
gene sequence into the vector and by cleavage of the a- 
f actor signal peptide by a Kex2 signal peptidase (e.g. 
Invitrogen) . 

The stability of the recombinant alkaline phosphatase 
product was examined in comparison with the naturally 
occurring alkaline phosphatase. The samples yielded 
comparable results when the solutions were subjected to 
a thermal stress (55°C) . 
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Hence the present invention describes for the first time 
a process which enables an economic production of a 
recombinant alkaline phosphatase from mammalian cells 
such as bovine intestine which has properties that are 
comparable to the native highly active alkaline 
phosphatase from bovine intestine and is glycosylated. 

The present invention also concerns a DNA sequence 
according to SEQ ID NO: 5 as a codon-optimized gene 
sequence for the expression of the gene for the highly 
active alkaline phosphatase in Pichia pastor is. 

A further subject matter of the invention is a vector 
containing SEQ ID NO: 5 and particularly preferably the 
vector pHAP10-3 according to fig. 2. pHAP10-3 is the 
vector pPICZaA which is commercially available 
(Invitrogen) and contains the inventive gene according 
to SEQ ID NO: 5 which is under the control of the AOX 1 
promoter . 

A further subject matter of the invention is a host 
strain which has been transformed with the vectors 
according to the invention. The Pichia pastor is X-3 3 
strain transformed with the vector pHAP10-3 is 
particularly preferred. 

Another preferred vector is a vector which contains the 
entire expression cassette from pHAP10-3 which 
essentially comprises the AOX 1 promoter, the signal 
peptide of the a-factor from Saccharomyces cerevisiae 
which is cloned in the correct reading frame behind the 
signal peptide, the codon-optimized target gene 
according to SEQ ID NO: 5 which codes for the highly 
active alkaline phosphatase and the AOX 1 transcription 
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termination region (see fig. 3). The vector pHAP 10-3/9K 
is particularly preferred which comprises the 
commercially available vector pPIC9K (Invitrogen) and 
the expression cassette from pHAP 10-3 including the 
synthetic gene according to SEQ ID NO: 5. 

The vectors pHAP 10-3 and pHAP 10-3 /9K are equally 
relevant since the final production clone contains 
copies of both vectors. 

A further subject matter of the invention is a host 
strain which has been transformed with the pHAP10-3/9K 
vector. However, other vectors and strains known to a 
person skilled in the art are also suitable in the sense 
of the present invention such as YES vectors, pYDl, pTEF 
1/ZEO (Invitrogen) and Saccharomyces cerevisiae, 
Schizosaccharomyces pombe, Hansenula polymorpha, 
Yarrowia lipolytica and in particular Pichia pastoris X- 
33. The Pichia pastoris X-33 strain transformed with the 
vector pHAP10-3/9K is especially preferable for the 
invention. 

Hence a further subject matter of the invention is a 
process for producing a eukaryotic highly active 
alkaline phosphatase by expressing the protein in a host 
strain which has been transformed with one or several 
vectors according to the invention and especially with 
the pHAP 10-3 vector or the pHAP 10-3 /9K vector. Pichia 
pastoris strains which have been transformed with t*ie 
inventive vectors are particularly preferred for the 
inventive process. The strain Pichia pastoris X-3 3 which 
has been transformed with a pHAP 10-3 and a pHAP 10-3/9K 
vector is especially preferred in this connection. 
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Figures 


Figure 1 

Plasmid map of the expression vector pHAP-1 containing 
the blAPII gene in pICZocA (Invitrogen) . 


Figure 2 

Plasmid map of the expression vector pHAP 10-3 
containing the synthetic gene in pPIC9K (Invitrogen) . 


Figure 3 

Plasmid map of the expression vector pHAP 10-3/9K 
containing the synthetic gene in pPIC9K (Invitrogen) . 


Abbreviations 

YPD: yeast peptone dextrose 
YPDS: yeast peptone dextrose sorbitol 
BMGY: buffered glycerol complex medium 
BMMY: buffered methanol complex medium 
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Example 1: 

Cloning the blAPII gene 

The blAPII gene according to SEQ ID NO:l (EP 0 955 369; 
Manes et al., 1998, J. Biol. Chem. 273 No. 36, 23353- 
23360) was firstly provided upstream and downstream with 
restriction endonuclease cleavage sites suitable for 
cloning into expression vectors for Pichia pastoris by 
means of PCR and selection of suitable primers according 
to SEQ ID NO: 2 and 3, Hence the restriction endonuclease 
cleavage site for EcoRI was attached upstream and the 
restriction endonuclease cleavage site for Asp718 I was 
attached downstream . 

The PCR fragment was recleaved with EcoRI and Asp718 I 
(Roche Diagnostics GmbH) , isolated again (QIAquick gel 
extraction kit/Qiagen) and subsequently ligated into a 
vector fragment of the expression vector pPICZocA 
(Invitrogen) that had been linearized with EcoRI and 
Asp718 I (Roche Diagnostics GmbH) and isolated (QIAquick 
gel extraction kit/Qiagen) . In this vector the blAPII 
gene is under the control of the AOX 1 promoter 
(promoter for alcohol oxidase 1 from Pichia pastoris and 
inducible with methanol) and is cloned in the correct 
reading frame behind the signal peptide of the a-factor 
from Saccharomyces cerevisiae. It was then examined 
whether the gene fragment inserted in this manner was 
free of errors by means of restriction analysis and 
sequencing. The expression vector formed in this manner 
which contains the blAPII gene which codes for the 
eukaryotic highly active alkaline phosphatase was named 
pHAP-1 (see fig. 1) . 
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Transformation of pHAP-1 in Pichia pastoris 
For the transformation of pHAP-l in Pichia pastoris X-3 3 
and subsequent integration into the genome, the vector 
was firstly linearized with SacI (Roche Diagnostics 
GmbH) . The transformation was carried out by means of 
electroporation using a Gene Pulser II (Biorad) . 

For this 5 ml YPD medium (Invitrogen) was inoculated 
with a colony of Pichia pastoris wild-type strain and 
incubated at 30 °C overnight while shaking. 200 ml fresh 
YPD medium (Invitrogen) was subsequently transfer 
inoculated 1:2000 with the overnight culture and 
incubated overnight at 30 °C while shaking until the 
OD 600 reached 1.3 - 1.5. The cells were centrifuged 
(1500 x g/5 minutes) and the pellet was resuspended in 
200 ml ice-cold sterile water (0°C) . The cells were 
again centrifuged (1500 x g/5 minutes) and resuspended 
in 100 ml ice-cold, sterile water (0°C) . The cells were 
again centrifuged and resuspended in 10 ml ice-cold 
(0°C) 1 M sorbitol (ICN) . The cells were again 
centrifuged and resuspended in 0.5 ml ice-cold (0°C) 1 M 
sorbitol (ICN) . The cells obtained in this manner were 
kept on ice and used immediately for transformation. 

Ca. 1 fig linearized pHAP-1 vector DNA was added to 8 0 /xl 
of the cells and the entire mixture was transferred to 
an ice-cold (0°C) electroporation cuvette and incubated 
for a further 5 minutes on ice. Subsequently the cuvette 
was transferred to the Gene Pulser II (Biorad) and the 
transformation was carried out at 1 kV, 1 kQ and 25 /xF. 
After electroporation, 1 ml 1 M sorbitol (ICN) was added 
to the mixture and subsequently 100 to 150 /xl was plated 
out on a YPDS agar plate (Invitrogen) containing 
100 /xg/ml Zeocin® (Invitrogen) . The plates were 
subsequently incubated at 30 °C for 2-4 days. 


17 


Raster MD (^minimal dextrose) plates were inoculated 
with the clones and they were analysed further. Growing 
clones were picked out, resuspended in 20 /il sterile 
water, lysed with 17.5 U lyticase (Roche Diagnostics 
GmbH) (1 hour, 37 °C) and examined directly for the 
correct integration of the blAPII expression cassette by 
means of PCR. 

Clones which had integrated the complete expression 
cassette during transformation into the genome were then 
used in expression experiments. 

Expression of the highly active alkaline phosphatase 
3 ml BMGY medium (Invitrogen) was inoculated with 
positive clones and incubated overnight at 30 °C while 
shaking. Subsequently the OD was determined at 600 nm 
and 10 ml BMMY medium (Invitrogen) was transfer 
inoculated in such a manner that an OD 600 of 1 was 
obtained. The BMMY medium (Invitrogen) contains methanol 
(Mallinckrodt Baker B.V.) which induces the expression 
of the highly active alkaline phosphatase via the AOX 1 
promoter . 

The shaking flasks were incubated at 30°C while shaking, 
samples were taken every 24 hours, the OD 600 was 
determined, an activity test for the expression of the 
highly active alkaline phosphatase was carried out and 
0.5 % methanol (Mallinckrodt Baker B.V.) was added for 
the further induction. The expression experiments were 
carried out for 9 6 hours. 
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Example 2 : 

Activity test for the highly active alkaline phosphatase 
500 ill of the expression culture of example 1 was 
removed, the OD 600 was determined and the cells were 
centrifuged. The supernatant was stored and the cell 
pellet was resuspended for the lysis in an amount of 
Y-PER™ (50 to 300 Ml/Pierce) corresponding to the OD 600 
and shaken for 1 hour at room temperature. Subsequently 
the lysate was centrifuged to remove cell debris (15000 
x g/5 minutes) and the supernatant was transferred to 
fresh reaction vessels. 5 til of the lysate was then used 
in the activity test. 

The principle of the activity test is as follows: 

AP 

4-nitrophenyl phosphate + H 2 0 > 4-nitrophenol + P t 

The increase in absorbance at 4 05 nm is measured. 

50 /jlI 4-nitrophenyl phosphate solution (0.67 mol/1 4- 
nitrophenyl phosphate, Na salt (Roche Diagnostics GmbH)) 
was added to 3 ml diethanolamine buffer (1 mol/1 
diethanolamine (Merck) pH 9.8, 0.5 mmol/1 MgCl 2 (Riedel 
de Haen) ) and the mixture was incubated at 37 °C. 
Subsequently the reaction was started by adding 5 /zl 
lysate and the change in absorbance at 3 7 °C was 
determined for 3 minutes and from this the AA/min was 
calculated . 
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The activity was then calculated according to the following 
formula: 

3.10 1 

activity « x AA/min x [U/ml sample solution] 

e x 0.005 xl factor x 

s = 18.2 [1 x mmol"" 1 x cm" 1 ] 
factor x = concentration factor after cell lysis 

The activity of the medium supernatant of the expression 
cultures was determined in a similar manner. The 
reaction in this case was also started with 5 /il of the 
supernatant but 0.5 mM ZnCl 2 was added additionally. In 
this case the calculation was carried out without factor 
x. 

Example 3 : 

Cloning the PCR fragment from the gene synthesis 
The PCR fragment was recleaved with EcoRI and Asp718 
(Roche Diagnostics GmbH) , isolated again (QIAquick gel 
extraction kit/Qiagen) and subsequently ligated into a 
vector fragment of the expression vector pPICZaA 
(Invitrogen) that had been linearized with EcoRI and 
Asp718 (Roche Diagnostics GmbH) and isolated (QIAquick 
gel extraction kit/Qiagen) . In this vector the synthetic 
gene is under the control of the AOX 1 promoter 
(promoter for alcohol oxidase 1 from Pichia pastoris, 
inducible with methanol (Mallinckrodt Baker B.V.) and is 
cloned in the correct reading frame behind the signal 
peptide of the ot-f actor from Saccharomyces cerevisiae. 
It was then examined whether the gene fragment inserted 
in this manner was free of errors by means of 
restriction analysis and sequencing. The expression 
vector formed in this manner which contains a synthetic 
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gene which codes for the eukaryotic highly active 
alkaline phosphatase was named pHAP10-3 (see fig. 2) . 

Transformation of pHAPIO-3 in Pichia oastoris 
For the transformation of pHAPl0-3 in Pichia pastoris 
X-3 3 and subsequent integration into the genome, the 
vector was firstly linearized with Sad (Roche 
Diagnostics GmbH) . The transformation was carried out by 
means of electroporation using a Gene Pulser II 
(Biorad) . For this 5 ml YPD medium (Invitrogen) was 
inoculated with a colony of Pichia pastoris and 
incubated at 3 0 °C overnight while shaking. 200 ml fresh 
YPD medium (Invitrogen) was subsequently transfer 
inoculated 1:2000 with the overnight culture and 
incubated overnight at 3 0°C while shaking until the 
OD 600 reached 1.3 - 1.5. The cells were centrifuged 
(1500 x g/5 minutes) and the pellet was resuspended in 
200 ml ice-cold sterile water (0°C) . The cells were 
again centrifuged (1500 x g/5 minutes) and resuspended 
in 100 ml ice-cold, sterile water (0°C) . The cells were 
again centrifuged and resuspended in 10 ml ice-cold 
(0°C) 1 M sorbitol (ICN) . The cells were again 
centrifuged and resuspended in 0.5 ml ice-cold (0°C) 1 M 
sorbitol (ICN) . The cells obtained in this manner were 
kept on ice and used immediately for transformation. 

Ca. 1 fig linearized pHAP10-3 vector DNA was added to 
80 ill of the cells and the entire mixture was 
transferred to an ice-cold (0°C) electroporation cuvette 
and incubated for a further 5 minutes on ice. 
Subsequently the cuvette was transferred to the Gene 
Pulser II (Biorad) and the transformation was carried 
out at 1 kV, 1 kf2 and 25 juF. After electroporation 1 ml 
1 M sorbitol (ICN) was added to the mixture and 
subsequently 100 to 150 (jlI was plated out on a YPDS agar 
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plate (Invitrogen) containing 100 /zg/ml Zeocin® 
(Invitrogen) . The plates were subsequently incubated at 
30°C for 2-4 days. 

Raster MD (=minimal dextrose) plates were inoculated 
with the clones and they were analysed further. Growing 
clones were picked out, resuspended in 20 /il sterile 
water, lysed with 17.5 U lyticase (Roche Diagnostics 
GmbH) (1 hour, 37 °C) and examined directly for the 
correct integration of the synthetic AP expression 
cassette by means of PCR. 

Clones which had integrated the complete expression 
cassette during transformation into the genome were then 
used in expression experiments. 

Expression of the highly active alkaline phosphatase 
3 ml BMGY medium (Invitrogen) was inoculated with 
positive clones and incubated overnight at 3 0°C while 
shaking. Subsequently the OD was determined at 600 nm 
and 10 ml BMMY medium (Invitrogen) was transfer 
inoculated in such a manner that an OD 600 of 1 was 
obtained. The BMMY medium (Invitrogen) contains methanol 
(Mallinckrodt Baker B.V.) which induces the expression 
of the highly active alkaline phosphatase via the AOX 1 
promoter . 

The shaking flasks were incubated at 30 °C while shaking, 
samples were taken every 2 4 hours, the OD 600 was 
determined, an activity test for the expression of the 
highly active alkaline phosphatase was carried out and 
0.5 % methanol (Mallinckrodt Baker B.V.) was added for 
the further induction. The expression experiments were 
carried out for 96 hours. 
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Activity test for the highly active alkaline phosphatase 
500 /xl of the expression culture was removed, the OD 600 
was determined and the cells were centrifuged. The 
supernatant was stored and the cell pellet was 
resuspended for lysis in an amount of Y-PER™ (50 to 
3 00 /xl/Pierce) corresponding to the OD 600 and shaken for 
1 hour at room temperature. Subsequently the lysate was 
centrifuged to remove cell debris (15000 x g/5 minutes) 
and the supernatant was transferred to fresh reaction 
vessels. 5 /xl of the lysate was then used in the activity 
test. 

The activity test was carried out as described above. 


Example 4 : 


Increasing the express ion output by multiple transformation 

The best clones from the expression experiments were in 
turn prepared for extrapolation as described above and 
again transformed with 1 tig linearized pHAP10-3 vector 
DNA and the transformation mixture was plated out on YPDS 
agar plates (Invitrogen) containing 1000 to 2000 fig/ml 
Zeocin® (Invitrogen) . As a result the selection pressure 
was increased to such an extent that only clones could 
grow that had integrated several copies of the expression 
vector pHAP10-3 and thus also several copies of the 
respective resistance gene (in this case Zeocin®) into 
the genome. The Zeocin® resistance protein is the 
product of the bleomycin gene of Streptoalloteichus 
hindustanus (Chalmels, T. et al., Curr. Genet. 20 (1991), 
309-314; Drocourt, D. et al., Nucleic Acid Research 18 
(1990), 4009) which binds Zeocin® in a stoichiometric 
concentration ratio and thus makes the cell resistant to 
Zeocin®. The higher the concentration of Zeocin® in the 
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YPDS agar plates, the more resistance protein the cell 
has to generate in order to quantitatively bind the 
Zeocin® and thus enable growth. This is possible for 
example when multiple copies of the resistance gene have 
been integrated into the genome. As described above 
raster MD plates were transfer inoculated with the clones 
and they were again checked as described above by PCR 
analysis for the correct integration of the haAP 
expression cassette. Subsequently these clones were in 
turn tested for haAP activity as described above. 

Example 5: 

Increa sing the expression output by using a second 
selection pressure 

Increasing the Zeocin® concentration above 2000 fig/ml 
did not lead to an improvement in the expression output 
of the highly active alkaline phosphatase. In order to 
further increase the gene copy number in the expression 
clones of the gene according to SEQ ID NO: 5 which codes 
for the highly active alkaline phosphatase and which is 
codon-optimized for expression in yeast, the integration 
of additional expression vectors into the genome of the 
expression clone derived from examples 3 and 4 that had 
the highest expression output was selected by means of a 
second selection pressure, preferably G418 (Roche 
Diagnostics GmbH) . For this purpose the entire 
expression cassette from pHAP10-3 comprising AOX1 
promoter, signal peptide of the a-f actor from 
Saccharomyces cerevisiae, codon-optimized gene for the 
highly active alkaline phosphatase according to SEQ ID 
NO: 5 and AOX 1 transcription termination region isolated 
by means of PCR using appropriately selected primers as 
described below, was cloned into the vector pIC9K the 
integration of which into the genome of Pichia pastoris 


was selected by means of G418 (Roche Diagnostics GmbH) . 
The primers are shown in SEQ ID NO: 34 and 35. 

The PCR mixture was analysed by agarose gel 
electrophoresis, the gene fragment having the expected 
size was isolated (QIAquick gel extraction kit/Qiagen) , 
recleaved with SacI and NotI (Roche Diagnostics GmbH) , 
subsequently isolated again from the agarose gel 
(QIAquick gel extraction kit/Qiagen) and ligated into an 
isolated vector fragment from pIC9K that had also been 
linearized with SacI/NotI (Roche Diagnostics GmbH) . This 
ensures that the entire expression cassette from pHAPlO- 
3 is present in an identical form in pPIC9K. The 
inserted fragment was checked by means of restriction 
analysis and sequencing with the flanking regions. The 
expression vector formed in this manner was named 
PHAP10-3/9K (see fig. 3). 

The clones with the highest haAP expression output from 
the multiple transformation with pHAP10-3 (Zeocin 
resistance) were prepared for electroporation as 
described above and transformed as described above with 
1 /xg of the vector fragment from pHAP10-3/9K linearized 
with SacI (Roche Diagnostics GmbH) . The transformation 
mixture was subsequently stored for 1 to 3 days at 4°C 
in 1 M sorbitol (ICN) (to form the G418 resistance) and 
100 to 200 Ml was plated out on YPD plates (Invitrogen) 
containing l, 2 and 4 mg/ml G418 (Roche Diagnostics 
GmbH) and incubated for 3 to 5 days at 3 0°C. The 
resulting clones were again examined by means of the 
activity test for an increased expression of the 
eukaryotic highly active alkaline phosphatase as 
described above. 


